The progressive growth and spread of tumour cells in the form of metastases requires an interaction of healthy host cells, such as endothelial cells, fibroblasts, and other cells of mesenchymal origin with immune cells taking part in innate and adaptive responses within the tumour lesion and entire body. The host cells interact with tumour cells to create a dynamic tumour microenvironment, in which healthy cells can both positively and negatively influence the growth and spread of the tumour. The balance of cellular homeostasis and the effect of substances they secrete on the tumour microenvironment determine whether the tumour has a tendency to grow or disappear, and whether the cells remain within the lesion or are capable of metastasis to other regions of the body. Intercellular interactions also determine the tumour's susceptibility to radiation or other types of cancer treatment. They may also be a rational explanation for differences in treatment outcomes, in which some metastases regress and others progress in response to the same treatment method.
In the process of carcinogenesis, despite the development of a specific immune response, spontaneous removal of the tumour by immune mechanisms rarely occurs. Attempts to apply immunotherapy to strengthen the natural tumourspecific immune response also have limited clinical application. This is mainly because cancer cells have a variety of strategies to escape from immune surveillance (53) . Escape mechanisms of tumour cells include avoidance of recognition and modulation of the immune functions of effector cells, usually leading to immunosuppression, which facilitates tumour progression and metastasis (15, 26) .
Avoidance of recognition of tumour cells by the host immune system. Tumour cells, particularly in malignant tumours, often display low immunogenicity, as they are characterised by low or no expression of MHC (major histocompatibility complex) molecules, particularly MHC I, making them difficult to recognise and preventing the initiation of apoptosis, which involves cytotoxic Tc lymphocytes (37, 48) . Although tumour cells exhibiting low or no expression of MHC I are susceptible to the action of natural killer (NK) cells, they are not destroyed because NK cells have no immunological memory, and there may be too few of them in relation to the tumour cells (24, 37) . Many tumour cells, however, exhibit normal MHC I expression, and therefore are not recognised by NK lymphocytes. They are also unrecognised by cytotoxic T lymphocytes, because tumour cells often lack tumour-associated antigens (TAA) (38) . Furthermore, costimulatory molecules such as CD80 or CD86 are often absent from the surface of tumour cells, which makes activation of T lymphocytes impossible (37, 46) . Other molecules whose expression may be downregulated in tumour cells are latent membrane protein 2 (LMP2), latent membrane protein 7 (LMP7), transporter associated with antigen processing protein (TAP protein), and tapasin (17, 23, 32) . Most tumour antigens that have been identified are proteins which are also found on other cells in the body, leading to the phenomenon of immune tolerance to tumour antigens (24) .
Avoidance of recognition by immune cells is also associated with the phenomena of immunodominance and immunoselection. The tumour cell has numerous epitopes which bind directly to soluble antibodies or receptors on the surface of immune cells. The phenomenon of immunodominance is linked to the fact that the parental tumour cells possess dominant antigens and the immune response is directed against these antigens. An important factor determining whether a given antigen will display immunodominance over others is the speed with which it induces an immune response in comparison with other antigens (8) . T cells with cytolytic properties usually react with a particular tumourspecific antigen (TSA) and a single immunodominant epitope of this antigen. During tumour development, dominant antigens may disappear due to immunoselection. As a result of this process, a new hierarchy is established among the remaining antigens whereby one of them becomes the new immunodominant determinant. However, before an effective immune response to the new antigen develops, numerous new tumour cells appear which lose this antigen. These new antigenically modified cells are not recognised by effector immune cells and evade the destruction process. New mutations (translocations or point mutations) cause new antigen epitopes to appear on the surface of tumour cells, and these are often able to induce a much stronger immune response than the primary antigen. However, a study on mice demonstrated that the existing immune response to the antigen initially present on tumour cells inhibits the immune response to new antigens (3, 8, 42) .
Immunoregulatory effect of tumour cells on leukocyte functions. Tumour cells secrete a wide range of substances known as tumour-derived soluble factors (TDSFs), which decrease or inhibit the local immune response. These include cytokines such as interleukin 6 (IL-6) and interleukin 10 (IL-10), as well as tumour growth factor TGF-β and vascular endothelial growth factor VEGF. Their activity gradually spreads from the tumour environment to adjacent lymphatic organs and peripheral blood vessels (24, 25, 37) . Moreover, tumours often have a potential of shifting the balance from Th1 to Th2. Th1 type of immune response is characterised by cytokines which are produced by Th1 CD4 + lymphocytes, the main being interferon-γ (IFNγ), which is the chief proinflammatory factor. By contrast, Th2 cytokines, such as interleukin 4 (IL-4), interleukin 5 (IL-5), interleukin 10 (IL-10), and interleukin 13 (IL-13) tend to produce the antiinflammatory response. Th2 anti-inflammatory response counteracts the Th1 mediated antitumour inflammatory processes. Neoplastic cells create this Th2 anti-inflammatory tumour milieu by secreting chemokines with chemotactic properties for immunosuppressive regulatory T lymphocytes and subpopulations of Th2 lymphocytes associated with humoral response, so these subpopulations are attracted to the tumour site. In contrast, cytotoxic Tc lymphocytes, which are capable of killing tumour cells, usually have no receptors for these chemokines, so they are not directed towards the tumour and are not able to perform their function at the site affected by the neoplastic process (18, 32 (37, 38) .
Depriving T cells of the amino acids such as tryptophan and arginine impairs their function and proliferation capacity (18) . Changes in amino acid metabolism and their degradation are another mechanism by which tumours induce immunosuppression -both local, within the lesion itself, and systemic. Myeloid-derived suppressor cells (MDSC) are probably responsible for these processes. Tumour development is accompanied by enhanced expression of the enzyme indoleamine 2,3-dioxygenase (IDO), whose presence causes a local reduction in tryptophan and leads to the production of kynurenine, a catabolite causing anergy and death of T lymphocytes and NK cells. Through the involvement of immature dendritic cells (iDCs), IDO is presented to virgin T lymphocytes, which can transform into regulatory T cells and cause systemic anergy for tumour-associated antigens (TAA). A similar enzyme that exerts immunosuppressive activity is arginase, which breaks down L-arginine to ornithine. This process promotes tumour growth and reduces the activity of effector T lymphocytes, probably by blocking the ζ-chain of receptor CD3 (3, 38) .
Myeloid cells and tumour development. Suppressive cells outside the T lymphocyte system are sometimes collectively referred to as myeloid-derived suppressor cells (MDSCs). They are a heterogeneous population of cells consisting of immature cells of myeloid lineage, i.e. macrophages, granulocytes, dendritic cells, and other cells in early stages of differentiation. Their presence has been detected in the spleen, bone marrow, and peripheral blood, as well as in the tumour microenvironment (30, 54) . Formation of MDSCs is induced by substances secreted by the tumour, which may be granulocytemacrophage colony-stimulating factor (GM-CSF), vascular endothelial growth factor (VEGF), colonystimulating factor 1 (CSF-1), prostaglandin E2 (PGE2), IL-6, or IL-10 (49). Chronic inflammation accompanying cancer may also be a factor conducive to the formation of MDSCs. VEGF produced within the tumour is a strong chemoattractant which increases recruitment of immature myeloid cells (iMC) from the bone marrow to the peripheral blood vessels, from which they are attracted to the tumour site by chemokines. These cells undergo functional and biochemical modulation in the tumour environment, becoming tumour-associated dendritic cells (TiDC) and tumour-associated macrophages (TAM). An increased number of immature MDSCs have been observed in the peripheral blood and lymph nodes of human patients with breast, head, neck, and lung cancers. Immature TiDC not only do not initiate an antitumour response involving T lymphocytes, but are actually inhibitors of such a response, causing a state of peripheral tolerance for tumour cells (26) .
MDSCs migrate from the tumour environment to the lymph nodes, spleen, and peripheral vessels, where they inhibit activation of tumour-specific T lymphocytes due to the elevated level of reactive oxygen species (ROS). In addition, MDSCs inhibit the immune response to tumour-associated antigens (TAA) and also block the functioning of antitumour T lymphocytes by producing arginase-1, an enzyme breaking down arginine from the tumour environment, which impairs signal transmission in these lymphocytes. Furthermore, MDSCs produce nitric oxide synthase (NOS) leading to the generation of nitric oxide, whose mechanism of immunosuppressive action against effector immune cells has yet to be fully clarified. They may also induce accumulation of Treg CD4 + Foxp3 + regulatory lymphocytes, which have suppressive properties (10, 27, 30, 54) .
Immunosuppressive properties of T regulatory (Treg) lymphocytes and their influence on tumour development. Another significant mechanism conducive to tumour progression is inhibition of the cellular immune response through an increase in the percentage of regulatory T (Treg) cells as a result of the neoplastic process. These cells are a separate phenotypically heterogeneous group of lymphocytes responsible for regulating immune functions. Treg cells have been detected and characterised in mice, rats, humans, baboons, macaques, chimpanzees, cats, dogs, and pigs. There is also convincing evidence of Treg cell populations in cows, sheep, and horses. In humans, rodents, and cats they account for about 5%-10% of the population of peripheral CD4 + lymphocytes. A few subpopulations of regulatory cells have been distinguished and one of the most important in terms of neoplastic processes is subpopulation of CD4 + CD25 + T lymphocytes, exhibiting expression of the intracellular forkhead box P3 (Foxp3) protein (14, 20) . A characteristic trait of Treg cells is constant high expression of the α subunit of the IL-2 receptor (CD25), in contrast with activated CD4 + and CD8 + lymphocytes, which exhibit lower transient expression of this marker (33, 39) .
Initially, subpopulations of regulatory lymphocytes were identified using antibodies against CD4 and CD25 molecules. It was later established that Treg cells are exclusively those lymphocytes which are characterised by a high level of CD25 expression (phenotype CD4 + CD25 high ). Currently, the most specific marker of regulatory lymphocytes in humans, rodents, and dogs is considered to be the intracellular protein Foxp3, which plays a fundamental role in Treg cell function and is necessary for them to differentiate properly (5, 20, 33, 36) .
On the basis of their origin, Treg cells are divided into two subgroups: cells that arise within the thymus, known as natural Treg (nTreg) cells and cells induced in the periphery-induced Treg (iTreg) cells also known as adaptive Treg (aTreg) cells (33, 53) . The activity of regulatory T lymphocytes involves regulation of the immune response at the peripheral level. They are part of the mechanism inhibiting selectively activated cells with autoreactive properties. This prevents the development of autoimmune processes caused by an excessive immune response to self-antigens.
Regulatory cells have an important function in tumour immunology, allogeneic transplants, pathogenesis of allergic diseases, and regulation of certain antimicrobial defence mechanisms. Under certain conditions, regulatory T lymphocytes may exert a negative effect, inhibiting the antitumour immune response (5, 52). (47) . Treg cells also stimulate tumour angiogenesis directly by producing VEGF and indirectly by blocking effector-cell-derived angiostatic cytokines, such as IFN-γ and C-X-C motif chemokine 10 (CXCL-10) (4, 12, 34, 35) .
Increased numbers or frequency of Treg cells in a variety of cancers is correlated with poor prognosis. However, in some types of cancers increased levels of Treg cells may be connected with favourable prognosis, which might relate to the ability of these cells to reduce inflammation. Inflammation is one of the crucial factors of tumour progression in many tissues, because it increases proliferation of tumour cells, angiogenesis, and metastasis. It is highly probable that the disease outcome is dependent on the balance between T effector cells and T regulatory cells (9, 13, 35, 40 43) . (15, 19) . In the initial stages of the neoplastic process, tumour cells secrete exosomes containing FasL on their surface and cause apoptosis of T lymphocytes, either directly or indirectly through dendritic cells binding exosomes secreted by the tumour (19) . Some studies indicate that FasL can be released not only by tumour cells but also by activated NK cells themselves, which leads to their own apoptosis. It is likely that each time an NK cell is killing a tumour cell; it also activates its own apoptosis process and dies (37) . Apoptosis mechanisms in immunocompetent cells can also be induced by immunosuppressive cytokines located in the tumour microenvironment, such as TGF-β and IL-10, by changes in red-ox potential, or by changes in the intracellular calcium or ceramide level (15) .
Apoptosis evasion by tumour cells. A condition of maintaining homeostasis in the body is efficient elimination of superfluous cells by apoptosis. Numerous mutations accompanying tumour formation, such as the loss of pro-apoptotic factors like tumour suppressor protein p53 (p53) and Bcl-2 associated X (Bax) protein, or overexpression of antiapoptotic proteins Bcl-2 (B-cell lymphoma 2 protein), or myeloid cell leukaemia 1 (Mcl-1) protein, lead to a blockade of the intrinsic apoptosis pathway, and in consequence prevent effective elimination of neoplastically transformed cells (29, 41) . Tumour cells produce soluble phosphatidylserine (sP), which interferes with the elimination of apoptotic cells. It blocks phosphatidylserine receptors (PSR) on dendritic cells and macrophages, which cannot bind phosphatidylserine on the surface of apoptotic cells, so that they are not recognised and ingested by phagocytes.
The interaction of soluble phosphatidylserine with PSR receptors on the surface of macrophages causes the release of antiinflammatory mediators, such as IL-10, TGF-β, or prostaglandin E2 (PGE2) (26) . Some cytokines which have an antiproliferative and pro-apoptotic effect on normal cells remain inactive against tumour cells. This state becomes established as the tumour progresses, because cytokine receptors on the cells of many types of tumour exhibit reduced expression or become modified. This occurs in the case of TGFβ, which may stimulate the growth of tumour cells rather than inhibit it due to modification of the TGFβ type II receptor present on the surface of these cells. A similar example is the effect of IL-6, which inhibits the growth of melanoma cells in the initial stages, but stimulates proliferation of the tumour in advanced stages and metastases (7) . Moreover, it is hypothesised that tumour cells exhibiting high MHC I antigen expression may evade apoptosis by a mechanism associated with an increased level of heat shock protein HSP90 in the cell nucleus (15) . Disturbances in the elimination of apoptotic cells lead to the formation of autoantibodies, resulting in a pseudo-autoimmune status, which in turn can initiate the generation of regulatory Treg lymphocytes inhibiting the antitumour response of T lymphocytes (26) .
Immune checkpoints. Under physiological conditions the immunological pathways are functioning properly, which plays a crucial role in regulating immune responses to pathogens and preventing autoimmune reactions. These pathways are regulated by immune checkpoints, which under malignant conditions may be used by tumour cells to facilitate their growth and progression. One of these checkpoints is programmed cell death protein 1 (PD-1 protein) also known as cluster of differentiation 279 (CD279), which is a cell surface receptor of T cells and pro-B cells. PD-1 binds two ligands, PD-L1 and PD-L2. The PD-1 pathway blocks T-cell response at the late effector stage preventing excessive T cell activation. In order to evade antitumour immune response, tumours can express PD-L1 and PD-L2 ligands. Interactions via PD-1:PD-L1 and PD-1:PD-L2 cause chronic T-cells inhibition, which leads to their anergy and decreases immune response to cancer cells. PD-L2 expression on tumour cells has been found to be a negative prognostic factor in some human tumours (22, 31) . Anti-tumour activity may be enhanced by blocking PD-1 and PD-L1 receptors with specific monoclonal antibodies (50) .
Another checkpoint which may be used by tumours to dampen the immune response is cytotoxic T-lymphocyte associated protein 4 (CTLA-4), also known as cluster of differentiation 152 (CD152). CTLA-4 plays an important role in early stages of immune response. It competes with CD28 in binding to B7 ligands on antigen presenting cells (APCs). This prevents further T cell activation and limits the time of T cell activity (31) . CTLA-4 is constitutively expressed on tumour cells and it behaves as a negative regulator of proliferation and effector function of T cells (11, 48) . Another example of immune checkpoint molecule is a surface receptor named glucocorticoid-induced tumour necrosis factor receptor (GITR). This molecule is highly expressed on T regulatory cells, but it is also present on normal effector T-cells after activation, on tissue-infiltrating macrophages and dendritic cells. GITR interacts with ligand GITRL and these interactions induce production of specific cytokines and chemokines at local inflammatory sites, which enables the control of tissue-infiltrating effector or regulatory cell activation and their migration (1, 44) . The GITR is responsible for inhibition of the suppressive activity of T-regulatory cells and for enhancement of the survival of T-effector cells. These properties of the GITR enable to enhance the immunity to tumours and viral pathogens, and to exacerbate autoimmune disease. Some human cancers and many tumour cell lines of different histological origin express substantial levels of GITRL (21) . Signalling through GITRL downregulates the expression of the immunostimulatory molecules, such as CD40 and CD54. Moreover, GITR-GITRL interaction negatively influences the expression of the adhesion molecule EpCAM (epithelial cell adhesion molecule) and induces production of the immunosuppressive factor TGFβ by tumour cells. Activated NK cells constitutively express the GITR. In tumour and NK cell cocultures, cytotoxicity, and IFN production was remarkably increased after blocking GITR-GITRL interaction. It could be a proof that expression of GITRL on the surface of tumour cells may lower NK cell antitumour properties (2) . Furthermore, one of the immune checkpoints used by cancer cells for immune escape is lymphocyte activation gene 3 (LAG-3) molecule, which is an inhibitory receptor present on immune cells. LAG-3 molecule is the target of various drug development programmes and trials with new treatments of cancer. This protein belongs to immunoglobulin superfamily and was designated as CD223 cluster of differentiation. LAG-3 is expressed on activated T, NK, B, and plasmacytoid dendritic cells. LAG-3 binds to MHC class II with higher affinity than CD4, and negative regulatory role for the LAG3/MHC II interaction has been proven. LAG-3 negatively affects immune cells proliferation, activation, and homeostasis in a similar way to CTLA-4 and PD-1. Additionally, it is involved in suppressive function of Treg cells, and in mitigating dendritic cell differentiation and function. Moreover, it exerts diverse biological effects on the function of T lymphocytes, such as maintaining CD8+ T-cell tolerance (16, 51) . Extensive coexpression of PD-1 and LAG-3 on tumour infiltrating CD4 and CD8 T cells gives evidence for a possible role of these receptors in tumour immune escape. Moreover, combinatorial anti-LAG-3 and anti-PD-1 immunotherapy inhibits tumour growth (51).
M2 macrophages. There is increasing evidence that macrophages may contribute to tumour growth and progression. It is commonly known that tumour lesions are infiltrated by macrophages which are called tumour associated macrophages (TAMs). Macrophages in tumour microenvironment have been discovered to have M1 or M2 phenotype. M1 macrophages stimulate inflammation and secrete high levels of IL-12 and low levels of IL-10, while M2 macrophages decrease inflammation, augment tissue repair, and produce anti-inflammatory cytokines like IL-10 or TGF-β. The dominance of M2 phenotype macrophages in tumour microenvironment usually correlates with poor prognosis, because M2 macrophages seem to actively promote tumour growth. Macrophages of M2 phenotype are either recruited by tumour cells and infiltrate tumour tissues, or may acquire an M2 phenotype in tumour microenvironment through transformation from M1 to M2 macrophages. Macrophages are recruited to tumour microenvironment from blood-stream monocytes by chemotactic factors such as chemokine C-C motif ligand 2 (CCL2), also referred to as MCP1-monocyte chemoattractant protein 1, vascular endothelial growth factor (VEGF), macrophage colony-stimulating factor (M-CSF), and C-X-C motif chemokine 12 (CXCL12), also known as SDF1-stromal cell-derived factor 1, which are released by malignant and stromal tumour cells. Macrophages of M2 phenotype when stimulated by low oxygen content of their surroundings produce pro-angiogenic factors which mediate and speed up angiogenesis and promote further tumour growth. These factors include VEGF, tumour necrosis factor-α (TNF-α), granulocyte macrophage colony-stimulating factor (GM-CSF), IL-1, and IL-6. Recent studies revealed that hypoxia (or extremely low oxygen tension), which is an important tumour microenvironmental factor, can induce the activation of nuclear factor-κB (NF-κB) in murine as well as in human macrophages. The transcription factor NF-κB is driving the tumour promoting functions of macrophages by regulating the expression of many important genes in TAMs, and influences molecular mechanisms that promote tumourigenesis (6, 45, 55) .
The review presents the most recent data concerning mechanisms of tumour escape from immunological surveillance, which is one of the most important immunological aspects of tumourigenesis. Gaining detailed knowledge about the immune evasion strategies raises hope for developing new, safer and more effective methods of cancer prophylaxis and treatment. It is an especially vital issue because neoplasms are currently one of the most frequent diseases of affluence and they constitute a serious problem both in human and veterinary medicine. Rapidly growing number of animals with oncological problems, observed particularly in the area of urban agglomerations, constitutes significant evidence that there is an urgent need for fundamental understanding of complicated interactions between a neoplasm and the immune system.
